Objectives-To identify patient and hospital characteristics associated with the use of computed tomography (CT) imaging of the cervical spine (c-spine) in the evaluation of injured children and, in particular, to examine the influence of hospital setting. Results-Of the 929,626 pediatric patients diagnosed with an injury in Massachusetts EDs and then discharged home, 1.3% underwent CT imaging of the c-spine. Rates of CT imaging nearly doubled over the five years. In the multivariable model, patient age (adjusted odds ratio [AOR] 2.3, 95% confidence interval [CI] = 2.0 to 2.7 for children age 12 to 18 years vs. under 1 year of age), and evaluation outside of a pediatric Level I trauma center (AOR 2.2, 95% CI = 1.1 to 4.3 for children evaluated at non Level I trauma centers vs. pediatric Level I trauma centers; AOR 2.1, 95% CI = 0.93 to 4.7 for children evaluated at adult Level I trauma centers vs. pediatric Level I trauma centers) were associated with higher rates of CT imaging of the c-spine.
Introduction
Clinically significant cervical spine injury is rare in children, occurring in only 1% to 2% of children evaluated with cervical spine radiographs after blunt trauma, 1,2 and many children with these injuries have readily apparent clinical findings. Despite the infrequency of cervical spine injuries without suggestive symptoms or signs in the pediatric population, many clinicians have a low threshold for obtaining imaging studies to avoid the potentially serious and costly consequences of missing a cervical spine injury. Computed tomography (CT) has excellent sensitivity and specificity for identifying bony spine injury and is advocated by some as the initial cervical spine imaging study in adults after trauma. 3 However, children have a much lower risk of cervical spine injury compared to adults, and routine imaging with CT has not been recommended as the standard initial study for the vast majority of children undergoing radiographic evaluation after trauma. 4, 5 Given the potential consequences of the routine use of CT for evaluation of pediatric cervical spine injuries, efforts focused on limiting CT usage could have significant public health benefits. These include decreased health care costs, shorter emergency department (ED) lengths of stay, and perhaps most importantly, decreased risk of radiation-induced malignancies. To this end, in addition to identifying clinical predictors of injury, 2, 6 identifying nonclinical factors associated with CT imaging could inform efforts to design and implement targeted quality improvement interventions. This study was designed to investigate patient and hospital characteristics associated with CT usage in the evaluation of the cervical spine in pediatric trauma patients using a statewide financial database of all pediatric ED visits from 2005 through 2009. We tested the hypothesis that children treated outside pediatric Level I trauma centers were more likely to undergo CT imaging of the cervical spine after trauma than those seen at pediatric Level I trauma centers.
Methods

Study Design
This study employed a retrospective cohort design using the 2005 through 2009 Massachusetts Hospital ED database administered by the Massachusetts Division of Health Care Finance and Policy (DHCFP). All nonfederal acute care hospitals in Massachusetts are mandated to submit data to the DHCFP. The DHCFP collects patient-level data on ED patients pursuant to regulation 114.1 CMR 17.00: Requirement for the Submission of Hospital Case Mix and Charge Data. Hospitals report their date to the DHCFP on a quarterly basis. Data submissions are edited, summarized, and returned to the submitting hospital to verify the accuracy of the records. The Committee on Clinical Investigations at Children's Hospital Boston approved our study protocol.
Study Setting and Population
We identified all patients younger than 19 years of age treated and discharged home from Massachusetts EDs from 2005 through 2009. Injury visits were identified using the International Classification of Diseases, 9th Revision (ICD-9) and the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis codes for injury 800-959 (Fracture of skull -certain traumatic complications and unspecified injuries), and 990-995 (Other and unspecified effects of external causes). Patients admitted to the hospital, transferred to another hospital, or who died in the ED were excluded from the study population.
Study Protocol
We extracted the following demographic data from the trauma registry: categorical age (age categories < 1 year, 1-4 years, 5-11 years, and 12-18 years), sex, race (white, black or African American, Asian, or other), and ethnicity (Hispanic or not Hispanic). We chose age categories based on our prior studies of CT usage, which demonstrated significantly higher head CT utilization with increasing categorical age. 7 We used insurance status (private or not private) as a proxy for socioeconomic status. We also extracted data on usage of plain films of the cervical spine using CPT codes: 72040, 72050, and 72052. The Massachusetts Hospital ED database also contains a verbatim record of the patient's chief complaint, as recorded by initial triage personnel as "reason for visit." We performed a text search of verbatim reason for visit to ascertain specific complaints of neck injury.
To measure the severity of each patient's injuries, we used the anatomic profile score, which has been increasingly recommended for use in trauma registries to predict injury severity. 8 The anatomic profile score is an extension of the Injury Severity Score, which has been validated in children. 9 The anatomic profile score uses anatomic injury scale scoring in four categories (head, brain, spinal cord; thorax, neck; all other serious injury; and all non-serious injury). The anatomic profile score is the square root of the sum of the squares of all the anatomic injury scores in a region, thus enabling the effect of multiple injuries within that region to be recognized. Component values are weighted (using weights obtained from a logistic regression from more than 14,000 trauma patients in the Major Trauma Outcomes Study 10 ), then summed to constitute the final anatomic profile. We chose the anatomic profile score for the following reasons: 1) component data elements were available in the database; 2) the score reflects the combined effects of multiple injuries, including minor injuries; and 3) it does not use survival risk ratios, which would not be appropriate in this subset of discharged patients. After obtaining patient-level anatomic profile scores, we calculated an average anatomic profile score for each hospital in order to adjust for case mix variation.
Finally, we categorized all the Massachusetts hospitals by their trauma center designation assigned by the American College of Surgeons Committee on Trauma. Hospitals were classified as a pediatric Level I trauma center, adult Level I trauma center, or other trauma designation (hospitals not classified as either pediatric or adult Level I facilities).
Outcome Measure
The primary outcome of interest was CT imaging of the cervical spine. We used Current Procedural Terminology (CPT) codes to identify billing charges for CT imaging of the cervical spine: 72125 for CT neck spine without contrast, 72126 for CT neck spine with contrast, and 72127 for CT neck spine with and without contrast.
Data Analysis
We calculated the association between patient-and hospital-level characteristics and cervical spine CT rates using univariate logistic regression. Variables associated with neck CT use (p ≤ 0.1 on a univariate screen) served as independent variables in a multivariate logistic regression model that we decided a priori would also include race, ethnicity, and insurance status based on our previous studies. 7 Using a generalized estimating equation to adjust for clustering by hospital center, we then determined independent patient and hospital characteristics associated with obtaining a cervical spine CT after trauma. We then repeated the analysis in the subgroup of patients with a chief complaint of neck injury. We performed all of the data analysis using STATA SE, version 11 (StataCorp, College Station, TX).
Results
There were 929,626 pediatric patients diagnosed with an injury in Massachusetts EDs and then discharged home from 2005 through 2009. Forty-nine percent of patients were aged 12 to 18 years. For further demographics of the study population, see Table 1 .
Of these, 25,826 (2.8%) had plain films of the cervical spine, while 11,589 (1.3%) underwent CT imaging. Of the patients who underwent CT imaging of the c-spine, 868 (7.5%) complained of neck injury, and 1,664 (15%) had plain films in addition to the CT imaging. Pediatric Level I trauma centers were less likely than all other centers (including adult Level I, as well as adult Level II and III and pediatric Level II trauma centers) to order plain films of the cervical spine (2.0% vs. 2.6%, respectively OR 0.76, p<0.001), CT imaging of the cervical spine (0.57% vs. 1.1%, OR 0.51, p<0.001), or both plain films and CT imaging (0.13% vs. 0.18%, OR 0.69, p<0.001). Rates of CT imaging of the cervical spine increased overall in the five year period and in non pediatric Level I trauma centers, but not at Level I pediatric trauma centers (Figure 1) .
In univariate analysis, younger age, non-white race, Hispanic ethnicity, and anatomic profile score were associated with decreased odds of having a c-spine CT scan obtained, while non pediatric Level I trauma centers were associated with increased odds of CT imaging ( Table  2) . The difference in imaging rates between pediatric Level I trauma centers versus all other centers was most pronounced in children younger than 1 year of age (3.2 vs. 9.1 per 1000 patients, OR 0.35, p<0.001) (Figure 2 ).
After adjusting for patient race and ethnicity, insurance status, and patient and hospital specific anatomic profile score, adolescents 12 to 18 years old had twice the odds of CT imaging compared to children under 1 years old (adjusted odds ratio [AOR] 2.3, 95% CI = 2.0 to 2.7). Children evaluated at hospitals with other trauma designations (i.e., hospitals without either pediatric or adult level I trauma centers) also had twice the odds of CT imaging compared to those seen pediatric level I trauma centers (AOR 2.2, 95% CI = 1.1 to 4.3). After restricting the multivariate model to patients with complaints of neck injury, the AOR for neck CT imaging at hospitals with other trauma designations was 2.3 (95% CI = 1.5 to 3.6).
Discussion
There is significant practice variation regarding the use of CT imaging in the evaluation of pediatric trauma patients for cervical spine injuries. 11, 12 To our knowledge, this is the first regional study to look at patient and hospital characteristics that are associated with the use of CT imaging in the evaluation of the cervical spine in the pediatric trauma patient. We included all patients with an injury diagnosis because the broader question is how often children are getting imaged, not just children with specific complaints of neck injury. Moreover, in the absence of physical exam data, we believe that including only patients with specific complaints of neck injury would miss children involved in motor vehicle collisions or falls or other mechanisms in which routine cervical spine screening is employed. We limited our analyses to low acuity patients, as defined by discharge home from the ED, because these patients constitute the majority of pediatric injury patients. Moreover, we believe that decisions regarding advanced imaging in low acuity patients are more subject to practice variation, as previously demonstrated in pediatric head injury patients. 7 We found that after controlling for patient, clinical, and socioeconomic characteristics, hospital trauma designation was independently associated with neck CT rate. Non pediatric Level I trauma centers were more than twice as likely to utilize a neck CT prior to discharge. This is consistent with prior research demonstrating variation in management of head trauma 7 as well as splenic injuries 13 in children's hospitals compared to general hospitals. The discrepancy in imaging rates between pediatric Level I trauma centers and all other centers was most pronounced in the youngest age group, possibly because these patients are the most difficult to clinically assess. In contrast, even while holding trauma center constant and attempting to control for injury severity, teenage patients had twice the odds of imaging when compared to infants. We hypothesize that ease of imaging (i.e., lack of need for sedation or restraint) or less concern about radiation risk may explain part of this phenomenon.
Routine CT imaging in the setting of trauma exposes children to unnecessary risks. To minimize radiation exposure, plain radiographs may be used as a screening test in the evaluation of pediatric patients. In a study of 606 patients under 5 years of age, all four of the patients with positive cervical spine injury findings on CT scan had abnormal radiographs. As the positive yield of neck CT after normal plain radiographs is quite low, 14 neck CT imaging should be reserved for cases in which there are inadequate cervical spine radiographs (three-views), suspicious or diagnostic plain radiographic findings, or a high clinical index of suspicion of injury despite normal radiographs. 14, 15, 16, 17 In our study population, only 15% of the children who had CT imaging also had plain films of the cspine, indicating that CT was the primary imaging modality of choice in this population of discharged trauma patients. This highlights that despite the questionable use of routine CT screening of the pediatric cervical spine, the overwhelming majority of pediatric trauma patients who underwent CT imaging of the c-spine had CT as their only imaging modality for the c-spine. Over the four year study period, rates of c-spine CT imaging almost doubled in the non-pediatric trauma centers, while remaining relatively static in the pediatric trauma centers. We suspect that hospitals with mixed populations of pediatric and adult patients may be more likely to use adult guidelines, which may include routine head and neck imaging for trauma patients, to manage injured pediatric patients. However, while the practice of CT imaging of the c-spine may be supported by adult guidelines, 3 there are no such recommendations for children.
Reducing CT imaging has a potential significant public health impact. Children are more susceptible to the effects of ionizing radiation, and they have longer life expectancies during which malignancies resulting from radiation exposure may develop. The thyroid gland has been shown to be particularly radiosensitive. 18 It is estimated that the risk of radiationinduced malignancy for a 3 year old undergoing neck CT is 10-70/10,000, compared to 2/10,000 for a 50 year old adult undergoing the same imaging. 19, 20 Furthermore, hospitals that evaluate both children and adults may not adjust CT image settings for children, resulting in a relatively greater radiation dose. Despite these risks, the use of CT in the evaluation of trauma patients continues to increase for both children 21 and for adults, 22 which is consistent with our results. Identification of factors associated with higher CT rates may allow targeted interventions to limit CT imaging in the pediatric trauma patient and to prevent the potential long-term effects of ionizing radiation exposure.
Clinical predictive models identify the children with blunt trauma who are at highest risk of c-spine injury with a goal to reduce unnecessary spinal immobilization as well as radiographic evaluation. 2, 6 However, these models are not in widespread clinical practice, and our study confirms that clinicians continue to heavily rely upon CT imaging of the pediatric c-spine, even in the youngest patients, who are also the most sensitive to the effects of radiation. We found that nonclinical factors, including hospital type, are independent predictors of the decision to obtain CT imaging of the cervical spine in children. The clinical decision to perform imaging in the setting of pediatric trauma may depend on the culture of the hospital, as well as the training and experience of the clinician. Physicians practicing at pediatric Level I trauma centers may possess skill sets and experience that favor more limited use of imaging of pediatric trauma patients.
Limitations
The included hospitals were located in a single state and findings may not be generalizable to other regions of the country or to the entire United States. Second, the Massachusetts Hospital ED database provides limited clinical information. We used ICD-9 diagnosis codes to identify injured pediatric patients, but were unable to identify patients with mechanisms of injury and clinical exams consistent with neck injury. Many of the patients in our study did not have neck injuries, and the injury types may not have been equally distributed between study hospitals. We attempted to adjust for overall severity of all injuries by adjusting for individual patient and hospital-wide anatomic profile scores. Additionally, we ran the multivariable model restricting analyses to patients with complaints of neck injury and got an AOR for neck CT imaging at hospitals with other trauma designations similar to our initial model. Third, patient-related factors such as race and ethnicity (recorded by registration staff) and socioeconomic status (as determined by the proxy variable insurance status) may have some inaccuracies. Fourth, there may be inaccuracies in the billing codes for diagnostic imaging. We were unable to correct these potential database inaccuracies, but we adjusted for clustering by center in our multivariate analysis. Fifth, although we performed a subanalysis of patients with complaints of neck injury, the text search was based on patient's verbatim reason for visit, which may miss many pediatric patients with neck injuries. Last, the database does not include clinical outcome, and we were unable to demonstrate the effect of imaging modality on trauma outcomes. However, by limiting our analysis to discharged patients, we suspect that outcomes were not fundamentally altered by the use of advanced imaging in this subset of pediatric trauma patients.
Conclusions
We found that pediatric patients discharged from the ED after evaluation for trauma were significantly more likely to have a neck computed tomography performed if they were teenagers or evaluated outside of a Level I pediatric trauma center, even after adjusting for potential confounders such as case mix (hospital mean anatomic profile score), injury severity (patient anatomic profile score), race, ethnicity, and insurance status. The majority of children with traumatic injury are evaluated outside Level I pediatric trauma centers (89% of the injuries in this study). Educational interventions targeted to care settings with higher baseline CT usage will have the greatest potential effect. Further investigation is needed to elucidate the reasons for these differences and to determine effective interventions to ensure equal and appropriate care for all children. Univariate and multivariate odds ratios for CT of the cervical spine 
